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Misión del C3

✤ Realizar investigación científica 
transdisciplinaria de frontera en las ciencias 
de la complejidad, creando un espacio en 
donde expertos de muy diversas áreas puedan 
interactuar y contribuir a la solución de 
problemas trascendentes y de importancia 
nacional  

✤ Es también misión del Centro formar científicos entrenados en el 
trabajo transdisciplinario en equipo y en el fortalecimiento de los 
métodos modernos asociados a la ciencia computacional 



C3 - Centro de Ciencias de la Complejidad
LNCC - Laboratorio Nacional de las Ciencias
de la Complejidad

✤ El C3 es un “nuevo” centro de la UNAM para realizar investigación 
científica transdisciplinaria de frontera en las ciencias de la 
complejidad.  

✤ El C3 es un espacio donde “expertos” (investigadores, estudiantes, 
profesores, médicos, servidores públicos, empresarios,…) de muy 
diversas áreas pueden interactuar y contribuir a la solución de 
problemas trascendentes y de importancia nacional. 

✤ El C3 es una iniciativa institucional, abierta y incluyente para 
aprovechar el capital humano de la UNAM y de México

¡Están invitados!
c3.unam.mx

http://c3.unam.mx
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Las Enfermedades Emergentes son 
Sistemas Complejos Adaptativos…
Son multi-factoriales y multi-escala

Requieren trabajo interdisciplinario en grupo

Esto tiene enormes retos del punto de vista 
de la Ciencia de los Datos 



¿Qúe conocemos…?
Casos conocidos 
Vectores conocidos
Hospederos conocidos
Factores de riesgo 
conocidos



¿Qúe conocemos…?
Casos conocidos 
Vectores conocidos
Hospederos conocidos
Factores de riesgo 
conocidos

¿Qúe no conocemos…?
Casos desconocidos 
Vectores desconocidos
Hospederos desconocidos
Factores de riesgo 
desconocidos,…

¿Cómo descubrir lo que hay  
abajo del agua?

Se necesita datos…Datos nuevos…Datos existentes… Integrados de múltiples 
fuentes y de múltiples formatos
Se necesita nuevas maneras
para modelar estos datos

Se necesita poder
modelar Sistemas 
Complejos Adaptativos



La Revolución de Datos 
“Big Data”

Revolución en la 
generación de datos

Revolución en el
almacenamiento 
de datos

Revolución en el
análisis de datos

Cerebro humano 
10-100 Terabytes

Todos los libros en el 
mundo 30-50 Terabytes 

En forma electrónica 
1 zettabyte



parameters and control activities makes it possible to evaluate
identify and prioritize risk areas (Figures 4 and 5).
Dengue-GIS is available for the federal dengue control program

leaders, state program leaders and the operative personnel in all
(236 nationwide) sanitary jurisdictions. It is also available to all
personnel in charge of epidemiological surveillance at all levels of
the health system. Almost two years after starting its implemen-
tation Dengue-GIS has more than 302 active users in 31 states,
with an average of 204 users during a working day. A total of
147,495 ovitraps have been deployed, geo-referenced and weekly
monitored in 526 large cities (where more than 36 million people
live) in the states with historically high dengue incidence; covering
important cities such as Guadalajara in Jalisco, Monterrey in
Nuevo León, Cuernavaca in Morelos., Merida in Yucatán,
Cancun in Quintana Roo and Acapulco in Guerrero.

The system has accumulated a total of 69 667,385 records. Up
to the 48th epidemiological week in 2012 there were 297,797 geo-
referenced probable cases in the system (42% of all cases registered
in the EPS). The proportion of geo-referenced cases are
discretionally decided by control programs on the bases of
numbers of suspected cases within geographic locations and the
surveillance intensity necessary for the identification of outbreaks,
assessment of transmission levels, and control monitoring. With
this epidemiological information, 40,687 clusters of probable
transmission have been identified scattered in the national
territory, since 2010.
According to the laboratory results on patient blood samples

(33% of all cases registered in the EPS), the positivity index is
33.1% (26.1% –38.1%) in the period 2008–2012, thus an estimate
of 237,748 confirmed cases registered.

Figure 4. Screenshot of Dengue-GIS application. Dengue-GIS screenshot showing the distribution of probable cases and case clusters (high
transmission areas) during the CDC weeks 22–24 2012 in Linares City, Nuevo Leon. Locations of entomological survey activities during the same
period are shown in red. DF cases accumulation in space and time is showed by a set of ellipses which represent the graphical output of the cluster
detection algorithm. Two areas, one very close to downtown Linares, and the other to the west of the city show three intersecting ellipses, this
indicates that transmission occurred uninterrupted during the three week period showed. Cases are represented by dots; red dots are laboratory
confirmed cases, green dots are cases discarded by laboratory tests (other disease) and yellow dots are those for which there is not available
laboratory data (either because it was not selected for blood test, according to surveillance protocol or because the public health laboratory has not
yet got/entered the respective results). Red squares represent the city block where the entomological surveys were carried out, showing emergency
results. Entomological surveys are a separate surveillance activity in which information about the conditions of households is collected. Pictures
presented here were modified to translate the text presented to English; the actual Dengue-GIS is an all-Spanish language system.
doi:10.1371/journal.pone.0070231.g004

Web-Based GIS for Dengue Surveillance
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farm, totaling 32 cores for map production, eight cores for data
base management and four for the internet server; each core with
4 GB ram. The entire site has an internet connection with a
bandwidth of 30 Mb/s which is shared with NIPH’s institutional
web applications.
To provide means for compatibility with the existing electronic

information systems and future developments, a location ID-
coding system was adopted. This is based on the National Geo-
statistical Framework (NGF) from the National Institute for
Statistics and Geography (NISG). The NGF is a unique geo-
referenced identification system used to reference census data and
other statistical data to geographic locations and geo-political
features in the Mexican territory [20]. Additional geo-referencing
capacities were obtained with the integration of a cartographic
database developed by the Federal Electoral Institute (FEI), also
based on the NGF, but with greater urban geographic detail. The
combined cartography covers small rural towns with attributes,
such as public and private schools (based on the Ministry of
Education’s database) street centers and names and postal code
among others. ID codes were assigned to town blocks, town block
groups, census tracks, towns, cities, municipalities and states. A
unique ID code was adopted to identify and geo-reference health
units (Uniformed Code of Health Establishments, UCHE). This
ID code was developed by the General Directorate of Health
Information of the MoH. The final GIS contains the location of all

public and private schools, the location of all health units managed
by the public health institutions in Mexico (serving more than 90%
of the population) as well as the total population and their socio-
demographic characteristics, grouped by block, census tract, town,
municipality state, region and nationwide. Other geographical
data such as elevation, average temperature and precipitation is
also available in the system at different scales.

System Development
The GIS for surveillance and control of DF (Dengue-GIS) was

constructed in three phases. In the first phase, an interoperable
geocoding web based tool with a mapping application, designed to
work with the EPS, was developed to geocode the place of
residence (town blocks level) of probable dengue cases. Then, a
modification was made on the EPS to enable geocoding through
online calls in order to geo-reference the residence of probable
cases. The EPS is now operated nationwide by the jurisdictional,
state and social security system epidemiologists in coordination
with the GDES.
The second phase included the development of a set of modules

for entomological surveillance, planning and monitoring control
activities, as well as a module for downloading information to the
hard drive of local entomologists’ and epidemiologists’ computers.
Vector surveillance is based on ovitrap data; for this purpose, a
modification of the geocoding tool was developed to geocode

Figure 2. Conceptual Framework. Epidemiological and entomological data are entered and analyzed to produce risk maps which are then used
to direct vector control activities. New epidemiological and entomological data are used to assess the impact of control activities thus generating a
knowledge database which can be used to evaluate cost-effectiveness of control measures, accountability and operational research. Control
interventions are directed according to the risk maps and entered into the system for impact evaluation in the reduction of cases and/or vector
population.
doi:10.1371/journal.pone.0070231.g002
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¿Qué es el “nicho” de ZIKV?

• 	Collec(on	data	
• 	Ecological	niche	data	
• 	Ecological	niche	model	data	
• 	Socio-economic	data	
• 	Socio-demographic	data	
• 	Phenotypic	data	
• 	Vegetable	and	crop	cover		
• 	Geographical	data	
• 	Medical	and	public	health	data…	

The	data	are	represented	in	space	and	
(me	–	spa(al	data	mining	

Problemá)cas	de	datos	
espacio-temporales:	

Diferentes	fuentes	
Diferentes	ubicaciones,	data	base,	

acceso,…	
Diferentes	)pos	de	datos		

categóricos,	métricas,	con6nuos,	
discretos,…		

Diferentes	resoluciones		
Explícitos	–	p.e.,	pixel	por	pixel	en	capas	

ambientales	
	Implícitos	–	30,000,000	datos	versus	30		
“Cálidad”	(p.e.	caracterís6ca	fenoGpica)	

versus	“cán6dad”	
Abió6co	versus	bió6co	

P(C|X)
C - presencia de ZIKV; 
X - factores de riesgo/predictores



¿Qué es el Ecosistema de  
ZIKV?

or	his	“enemies”,	or	“parasites”,	or	“prey”	or	“predators”	or…	

Puedes	juzgar	un	hombre	por	sus	“amigos”…
o sus “enemigos, o sus “depredadores” o sus “patógenos



La Ecología de Leishmaniasis

All	data	before	2008	used	
All	Mexico	

What	does	this	tell	us	about	vector	control?	

20	
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 440	

 441	

 442	
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presence of the parasite Leishmania (L.) mexicana and the number that tested negative. 415	

Figure legends  416	

Figure 1: Graph of ranked Epsilon values for all mammal species 417	

Figure 2: Graph of percentage of species identified as positive for presence of L. (L.) 418	

mexicana versus average value of epsilon. 419	

Figure 3: Graph of percentage of individuals identified as positive for presence of L. 420	

(L.) mexicana versus average value of epsilon. 421	

Figure 4: Risk maps of Leishmaniasis: a) determined by using only the 8 previously 422	

confirmed hosts, b) determined by using the 21 new confirmed hosts and previously 423	

confirmed hosts of  L. (L.) mexicana 424	

 425	

 426	

Species ɛ Negative Positive Total % positive Confidence intervals  
(95%) 

Carollia sowelli 8.83 43 2 45 4.4 -1 - 14 
Heteromys gaumeri* 8.8 5 0 5 0 -15 – 29 

Peromyscus mexicanus 8.79 115 6 121 5 2 - 11 
Heteromys desmarestianus* 8.72 30 0 30 0 -2 - 16 
Molossus rufus 8.63 1 0 1 0 -42 - 56 
Glossophaga soricina 8.57 19 7 26 26.9 -3 - 16 
Carollia perspicillata 8.5 8 0 8 0 -11 - 24 
Pteronotus parnellii 8.16 4 0 4 0 -18 - 31 
Desmodus rotundus 8.15 13 1 14 7.1 -6 - 20 
Sturnira lilium 8.03 56 7 63 11.1 1 - 13 

Artibeus phaeotis 8.01 35 1 36 2.8 -1 - 15 
Oryzomys couesi 7.73 2 0 2 0 -28 - 41 
Ototylomys phyllotis* 7.56 9 1 10 10 -9 - 22 
Sigmodon hispidus* 7.28 36 4 40 10 -1 - 14 
Peromyscus yucatanicus* 7.25 3 0 3 0 -22 - 35 
Didelphis virginiana 7.12 3 0 3 0 -22 - 30 
Didelphis marsupialis 6.44 11 0 11 0 -8 - 21 

Formatted Table
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Philander opossum 6.25 6 1 7 14.3 -12 - 25 
Centurio senex 6.01 1 0 1 0 -42 - 56 
Artibeus jamaicensis 5.98 81 5 86 5.8 1 - 12 
Artibeus lituratus 5.84 38 3 41 7.3 -1 - 14 
Myotis keaysi 5.61 2 0 2 0 -28 - 41 
Chiroderma villosum 5.56 5 0 5 0 -15 - 29 
Saccopteryx bilineata 5.3 1 0 1 0 -42 - 56 
Sciurus aureogaster 5.23 71 8 79 7.3 1 - 12 
Baiomys musculus 5.21 2 0 2 0 -28 - 41 
Artibeus watsoni 5.13 2 0 2 0 -28 - 41 
Choeroniscus godmani 5.05 10 3 13 23.1 -7 - 20 
Pteronotus personatus 5.03 3 1 4 25 -18 - 31 
Reithrodontomys mexicanus 4.91 1 0 1 0 -42 - 56 
Oryzomys rostratus 4.87 22 1 23 4.3 -4 - 17 
Micronycteris microtis 4.23 1 0 1 0 -42 - 56 
Oligoryzomys fulvescens 4.2 6 0 6 0 -13 - 27 
Peromyscus leucopus 3.8 22 4 26 15.4 -3 - 16 
Sturnira ludovici 3.79 24 1 25 4 -3 - 17 
Vampyrodes caraccioli 3.69 1 0 1 0 -42 - 56 
Liomys pictus 3.61 47 1 48 2.1 0 - 14 
Glossophaga commissarisi 3.49 2 6 8 75 -11 - 24 
Lonchorhina aurita 3.48 1 0 1 0 -42 - 56 
Phyllostomus discolor 3.48 0 1 1 100 -42 - 56 
Platyrrhinus helleri 3.36 5 0 5 0 -22 - 35 
Uroderma bilobatum 3.34 4 0 4 0 -18 - 31 
Urocyon cinereoargenteus 2.97 1 0 1 0 -42 - 56 
Procyon lotor 2.95 1 0 1 0 -42 - 56 
Myotis velifer 2.58 3 0 3 0 -18 - 31 
Microtus mexicanus 2.53 16 0 16 0 -6 - 19 
Myotis nigricans 2.47 2 0 2 0 -28 - 41 
Leptonycteris yerbabuenae 2.43 1 1 2 50 -28 - 41 
Reithrodontomys fulvescens 2.08 20 0 20 0 -4 - 18 
Neotoma mexicana 1.99 5 0 5 0 -15 - 29 
Eptesicus fuscus 1.82 1 0 1 0 -42 - 56 
Peromyscus levipes 1.34 1 0 1 0 -42 - 56 
Sorex saussurei 1.29 3 0 3 0 -22 - 35 
Osgoodomys banderanus 1.21 9 0 9 0 -10 - 23 
Liomys irroratus 1.16 8 0 8 0 -11 - 24 
Myotis auriculus 0.22 2 0 2 0 -28 - 41 
Tadarida brasiliensis -0.09 1 0 1 0 -42 - 56 
Peromyscus hylocetes -0.28 2 0 2 0 -28 - 41 
Antrozous pallidus -0.34 1 0 1 0 -42 - 56 
Peromyscus zarhynchus -0.46 2 0 2 0 -28 - 41 
Chaetodipus hispidus -0.71 4 0 4 0 -18 - 31 
Peromyscus pectoralis -0.73 2 0 2 0 -28 - 41 
Neotomodon alstoni -0.9 17 0 17 0 -5 - 19 
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Baiomys taylori -1.16 10 3 13 23.1 -7 - 20 
Chaetodipus nelsoni -1.24 3 0 3 0 -22 - 35 
Neotoma micropus -1.27 16 0 16 0 -6 - 19 
Peromyscus maniculatus -1.37 58 2 60 3.3 0 - 13 

Peromyscus eremicus -1.41 0 1 1 100 -42 - 56 
Perognathus flavus -1.52 1 0 1 0 -42 - 56 

Dipodomys merriami -2.01 1 0 1 0 -42 - 56 
*previously confirmed 427	

Note that although prevalence must be positive we have left the lower 95% confidence limit as 428	

negative as a guide to gauging the relative statistical significance of zero prevalence.   429	

 430	

 431	

 432	

 433	

Unicamente	aproximadamente	50	(2.5%)	de	
mamíferos	del	con6nente	Americano	han	sido	
iden6ficados	como	hospederos	de	Leishmania	

En	México	unicamente	8	de	419	(2.1%)	han	sido	
iden6ficados	como	hospederos	

Se	colecciono	922	individuos	de	70	especies	
Se	predijo	y	confirmo	22	nuevos	especies	
hospederos	de	Leishmania	en	México	

13	de	ellos	son	murciélagos,	iden6ficados	por	
primera	vez	en	México	

Ardillas	iden6ficados	como	hospederos	
34%	de	las	especies	colectadas	confirmadas	como	
hospederos		

Taza	promedio	de	infección	era	6.7%	
Ningún	especie	podría	ser	rechazada	como	
hospedero	al	nivel	de	confianza	de	95%	

Cambia	radicalmente	el	panorama	de	control	de	
Leishmania;		

Leishmania	y	Lutzomyias	son	generalistas	
Clasificación	de	Linneas	no	es	relevante	
ecológicamente



La Ecología de Chagas



La Ecología de ChagasTable 2. Wild mammal species confirmed as T. cruzi hosts in Mexico. The relative importance of any 

mammal species as potential hosts is given by Q, being the highest value the most important host. Q= 

Quartil of epsilon values, being quartile 1 (Q1) the lowest epsilon values and Q4 the highest. ɛ2 = 

Epsilon values considering all vector species as one Triatominae taxa. NS= Non-significant epsilon 

values. 

CONFIRMED MAMMAL Q ɛ2 
Baiomys musculusa,b,c,d 4 12.63 
Liomys irroratusa,b,c,d,e 4 11.20 
Artibeus jamaicensisa,b 4 10.57 
Glossophaga soricinaa 4 10.02 
Desmodus rotundusb 4 9.91 
Peromyscus mexicanusf 4 9.76 
Didelphis virginianab,e,f,g 4 9.76 
Leptonycteris yerbabuenae (curasoae)b 4 8.91 
Sturnira liliuma,b 4 8.64 
Orthogeomys hispidush 4 7.75 
Pteronotus parnelliia,b 4 7.60 
Reithrodontomys fulvescensi  4 7.52 
Sigmodon hispidusc,d,j 4 7.01 
Didelphis marsupialise,h,j 4 6.60 
Carollia perspicillataj 4 6.59 
Nasua naricak 4 6.45 
Peromyscus leucopush 4 6.36 
Sigmodon mascotensise 4 6.33 
Tylomys nudicaudusj 3 6.07 
Choeronycteris mexicanaa 3 6.06 
Peromyscus melanophrysb 3 5.75 
Philander opossume,j 3 5.74 
Mephitis macrourae 3 5.59 
Peromyscus levipesc,d 3 5.26 
Dasypus novemcinctusi,j 3 4.82 
Procyon lotori,k 3 4.26 
Hodomys allenil 3 3.74 
Sylvilagus floridanush 2 3.50 
Urocyon cinereoargenteush 2 3.42 
Heteromys desmarestianusf 2 3.21 
Neotoma mexicana a,c 1 2.64 
Dasyprocta punctatah - NS 
Heteromys gaumerih - NS 
Lynx rufusi - NS 
Neotoma micropusj - NS 
Otospermophilus (Spermophilus) variegatusb - NS 
Ototylomys phyllotish,j - NS 
Peromyscus yucatanicush - NS 
Spilogale angustifrons (putorius)h  - NS 

Figure 3. Hypotheses of ecological epidemiology of Chagas disease in Mexico. Hypothesis were 
confronted considering the wild mammal species confirmed as T. cruzi hosts in Mexico. A. H1. The 
probability for a mammal species to be confirmed for T. cruzi is different among quartiles. B. H2. 
Incidence of T. cruzi is not correlated to the number of Triatominae species for which the mammal 
species are a potential feeding resource. C. H3. Incidence of T. cruzi is not correlated to the number of 
potential feeding resources for triatomine species. D. H4. Percentages of confirmed mammal were 
different among triatomine species. 
 

 
 

signifies also a
confirmed host
for Leishmania



La Ecología de  
Dengue/CHIKV/ZIKVTable 1 Ranked list of potential nonhuman blood sources to Aedes aegypti in Mexico.  298	

* mammal species found positives to Dengue virus 299	

 300	

Rank Mammal epsilon  Rank Mammal epsilon 
1 Glossophaga soricina 12.78  38 Dasypus novemcinctus 7.11 
2 Molossus rufus 11.99  39 Sigmodon hispidus 7.02 
3 Artibeus jamaicensis* 11.68  40 Uroderma bilobatum 6.82 
4 Liomys pictus 11.06  41 Leptonycteris curasoae 6.75 
5 Oryzomys couesi 11.04  42 Carollia perspicillata 6.71 
6 Carollia subrufa 10.49  43 Centurio senex 6.61 
7 Sturnira lilium 10.28  44 Sciurus colliaei 6.59 
8 Artibeus lituratus* 9.91  45 Lontra longicaudis 6.49 
9 Choeroniscus godmani 9.42  46 Didelphis marsupialis 6.49 

10 Liomys salvini 9.33  47 Cratogeomys bulleri 6.35 
11 Oligoryzomys fulvescens 9.15  48 Carollia sowelli* 6.27 
12 Dermanura phaeotis 9.12  49 Myotis elegans 6.12 
13 Rhogeessa tumida 9.06  50 Myotis nigricans* 6.06 
14 Pteronotus personatus 9.05  51 Sigmodon arizonae 6.00 
15 Baiomys musculus 8.97  52 Rhynchonycteris naso 5.95 
16 Glossophaga commissarisi 8.80  53 Tlacuatzin canescens 5.87 
17 Didelphis virginiana 8.58  54 Leopardus pardalis 5.84 
18 Pteronotus parnellii* 8.58  55 Caluromys derbianus 5.78 
19 Orthogeomys hispidus 8.53  56 Molossus molossus 5.76 
20 Sciurus aureogaster 8.52  57 Oryzomys rostratus 5.76 
21 Molossus sinaloae 8.51  58 Osgoodomys banderanus 5.76 
22 Desmodus rotundus 8.23  59 Myotis carteri 5.66 
23 Saccopteryx bilineata 8.22  60 Micronycteris microtis 5.52 
24 Lasiurus intermedius 8.15  61 Sylvilagus brasiliensis 5.47 
25 Phyllostomus discolor 8.12  62 Sylvilagus floridanus 5.37 
26 Philander opossum 8.10  63 Spermophilus annulatus 5.36 
27 Peromyscus gymnotis 7.90  64 Peromyscus leucopus 5.30 
28 Balantiopteryx plicata 7.81  65 Conepatus leuconotus 5.30 
29 Eptesicus furinalis 7.69  66 Chaetodipus pernix 5.27 
30 Pteronotus davyi 7.55  67 Sciurus yucatanensis 5.23 
31 Dermanura tolteca 7.48  68 Sigmodon mascotensis 5.13 
32 Sciurus variegatoides 7.48  69 Eira barbara 5.12 
33 Mormoops megalophylla 7.45  70 Ateles geoffroyi 5.11 
34 Oryzomys melanotis 7.42  71 Neotoma phenax 5.07 
35 Artibeus intermedius 7.40  72 Noctilio leporinus 5.06 
36 Chaetodipus artus 7.20  73 Reithrodontomys fulvescens 4.95 
37 Nasua narica 7.18     

Chris Stephens� 2/28/16 9:21 PM
Deleted: s301	

 302	

Figure 1 Potential distribution of Aedes aegypti based on mammal distributions as 303	
predictors. 304	

 305	
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Conclusiones
✤ Las enfermedades emergentes y re-emergentes y los arbovirus en particular, como ZIKV, 

son un reto global a la salud pública
✤ Las enfermedades emergentes son Sistemas Complejos Adaptativos - sumamente multi-

factoriales con demasiado factores de riesgo importantes para estar cubiertos por estudios 
científicos/clínicos sistemáticos tradicionales

✤ Los factores de riesgo van desde el micro hasta el macro y por lo tanto requieren trabajo 
interdisciplinario en grupo

✤ La revolución de datos permite un nuevo enfoque en las enfermedades emergentes como 
Zika pero requiere políticas y actitudes nuevas para permitir la integración de datos, 
nuevos métodos de modelado y una aceptación que datos “no-científicos” pueden ser 
sumamente útiles

✤ Muchos patógenos son multi-vector y multi-hospedero y muchos vectores y hospederos 
son multi-patogénicos. Nuevas técnicas de minería de datos espaciales han permitido la 
identificación de nuevos hospederos. Esto es nada más que un ejemplo de donde datos 
masivos y técnicas innovadores de análisis pueden llevar a resultados nuevos que 
radicalmente cambian la perspectiva de las enfermedades emergentes  

✤ Hay la posibilidad de hacer un nuevo tipo de ciencia - interdisciplinaria, integradora y 
innovadora,  en el contexto de las enfermedades emergentes usando ZIKV como ejemplo. 
El C3 ofrece su espacio y su infraestructura para fomentar, gestionar y apoyar proyectos de 
investigación científica transdisciplinaria en el área de la salud


